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organisms can be developed. The final consideration is the site's
transport dynamics, which control contaminant spreading and influ-
ence the selection of appropriate methods for stimulating microbial
growth.

Once site characteristics have been discerned, strategies for gain-
ing hydrologic control and for supplying the requisite nutrients and
electron acceptors for the microorganisms can be developed. If there
is a sufficient natural supply of these substances, intrinsic bioremediation
may be effective. On the other hand, if these biochemical or environ-
mental requirements must be artificially supplied to maintain a de-
sired level of activity, engineered bioremediation is the desired course.
The ultimate consideration is if and when the targeted cleanup goal
can be achieved.

Engineered Bioremediation

Engineered bioremediation may be chosen over intrinsic bio-
remediation because of time and liability. Because engineered
bioremediation accelerates biodegradation reaction rates, this tech-
nology is appropriate for situations where time constraints for con-
taminant elimination are short or where transport processes are caus-
ing the contaminant plume to advance rapidly. The need for rapid
pollutant removal may be driven by an impending property transfer
or by the impact of contamination on the local community. A short-
ened cleanup time means a correspondingly lower cost of maintain-
ing the site, as more rapid remediation reduces the long-term sam-
pling and analysis costs. Actions implicit in engineered bioremediation
also address the political and psychological needs of a client or com-
munity that has been affected by the contamination. The construc-
tion and operation of engineered bioremediation systems can demon-
strate to the local community that the party responsible for the
contamination has a responsive "good neighbor" attitude.

Engineered bioremediation can take a number of forms. The dif-
ferent applications vary according to both the context of the contami-
nation (site geology, hydrology, and chemistry) and the biochemical
processes to be harnessed. Regardless of site conditions, however,
certain principal parameters guide the design, depending on whether
the system is to treat soil or water.

Bioremediation Systems for Unsaturated Soils

When subsurface contamination exists substantially or entirely
above the water table (in what is known as the unsaturated, or va-